Introduction: Hollow viscus injuries (HVIs) are uncommon but potentially catastrophic condi tions with high mortality and morbidity rates. The aim of this study was to analyze our 16year experience with patients undergoing surgery for blunt or penetrating bowel trauma to identify prognostic factors with particular attention to the influence of diagnostic delay on outcome. Methods: From our multicenter trauma registry, we selected 169 consecutive patients with an HVI, enrolled from 2000 to 2016. Preoperative, intraoperative, and postoperative data were analyzed to assess determinants of mortality, morbidity, and length of stay by univariate and multivariate analysis models. Results: Overall mortality and morbidity rates were 15.9% and 36.1%, respectively. The mean length of hospital stay was 23±7 days. Morbidity was independently related to an increase of white blood cells (P=0.01), and to delay of treatment .6 hours (P=0.033), while Injury Severity Score (ISS) (P=0.01), presence of shock (P=0.01), and a low diastolic arterial pressure registered at emergency room admission (P=0.02) significantly affected postoperative mortality. Conclusion: There is evidence that patients with clinical signs of shock, low diastolic pressure at admission, and high ISS are at increased risk of postoperative mortality. Leukocytosis and delayed treatment (.6 hours) were independent predictors of postoperative morbidity. More effort should be made to increase the preoperative detection rate of HVI and reduce the delay of treatment.
Introduction
Hollow viscus injuries (HVIs) are uncommon and found in ~1% of all blunt abdominal trauma patients. 1 Due to their rarity, experience with this injury is limited and no strong consensus exists in the literature regarding diagnosis and management of bowel injuries. 2 In penetrating trauma, early abdominal exploration is mandatory in 80% of cases and HVI diagnosis is prompt and easy. In blunt trauma, the nonoperative manage ment of solid organ injury has clearly increased the risk of delayed diagnosis and treatment of bowel lesions. [3] [4] [5] [6] [7] Moreover, clinical and radiological diagnoses of bowel and/or mesenteric injuries are difficult as compared to injuries to other visceral organs, especially in cases of multiple trauma patients with head and spinal cord injuries or with impaired consciousness.
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Mingoli et al diagnosis and operative treatment of HVI significant on prognosis, both in adult and pediatric trauma patients. 8, 9 The purpose of this study was to analyze data on HVIs from a multicenter trauma registry, identify effective prog nostic indicators in bowel injuries, and evaluate the effect of diagnostic and operative delay on outcome.
Materials and methods study setting
Policlinico Umberto I, S. Andrea Hospital, and S. Giovanni Addolorata Hospital are three large tertiary hospitals (Policlinico Umberto I and S. Andrea Hospital are two Sapi enza University Hospitals) located in the central and northern urban areas of Rome, serving almost 2,000,000 people, and treating ~50% of the urban major traumas.
study design
From a multiinstitutional trauma registry including patient data collected from January 2000 to December 2016, 169 consecutive patients operated on for bowel injuries were retrospectively selected. The research was undertaken according to the Italian Privacy Laws concerning collection, storage, and analysis of private data. A formal Institutional Research Ethics Board (Sapienza University and S. Giovanni Addolorata Hospital) approval was not required because of the noninterventional, retrospective, and anonymous study design; however, a signed consent for the treatment and the analysis of data for scientific purpose was obtained from all patients or relatives either at admission or as soon as they could give it.
Both penetrating and blunt bowel injuries were consid ered, from the cardioesophageal junction to the rectum at the level of the peritoneal reflection.
All hospital charts as well as the database analysis were reviewed.
Preoperative variables considered for analysis were: • Demographic data, cause and mechanism of injury, comorbid conditions, clinical features at emergency room (ER) admission such as systolic and diastolic blood pres sure, heart rate, Glasgow Coma Scale (GCS), white blood cell count (WBC), hemoglobin values, clinical abdominal signs, and associated lesions.
• Computed tomography (CT) scan findings at admission, Injury Severity Score (ISS), and the Bowel Injury Prediction Score (BIPS). BIPS is a new predictive score for bowel injuries first introduced by McNutt et al, able to predict the risk of a bowel injury when more than two of the following parameters are present at ER admission: 1) high grade mesenteric injury at admission CT scan, 2) increased WBC (.17,000), 3) abdominal tenderness. High grade mesenteric injury was considered as the presence of a mesenteric contusion or hematoma with associated bowel wall thickening and adjacent interloop fluid collection, or an active vascular/oral contrast extrava sation, bowel transection or pneumoperitoneum.
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• Time from ER arrival to operating room and total elapsed time. Intraoperative data included surgical approach, type of treatment and reconstruction, and associated procedures. Postoperative data included clinical events and followup. Mortality, morbidity, and length of hospital stay (LOS) were also retrieved from the database. Mortality was identified as any death occurring within the first 30 days from trauma or during the entire hospital stay. Morbidity was evaluated according to Clavien-Dindo classification 11 and Surgical Site Infection (SSI) classification. 12 The primary endpoint of our study was to assess effective predictors of morbidity/mortality and LOS.
Secondary endpoints were the relationship between diag nostic delays and morbidity, mortality, and LOS in HVI and to assess a validated cutoff time for diagnostic delay able to predict the mortality/morbidity rates. Patient and trauma features were analyzed using means ± SD for quantitative variables, and using frequencies and per centages for categorical variables. Differences in distribution were calculated using the Student's ttest and analysis of variance (ANOVA) test for continuous variables, and chi square test or Fisher's exact test, depending on the number of cases in each subgroup, for categorical variables.
For multivariate analysis, multiple logistic regression was used, including in the model only the variables found to be significant at univariate analysis.
We used receiver operating characteristic (ROC) curve analysis to determine the best threshold and cutoff values for delay of treatment. Sensitivity, specificity, and positive and negative predictive values were calculated. Statistical significance was conventionally defined as P,0.05.
Results
Patient characteristics are shown in Table 1 .
Blunt abdominal trauma was the predominant cause of HVI (81.6%), and a motor vehicle accident was the most frequent mechanism of trauma. A polytrauma (multiple traumatic injuries, and trauma with an ISS .16) was observed in 68 (40.2%) patients, and the association with shock was noted in 11.2% of cases (Table 2) .
Mean GCS was 10.2 (minimum 3 -maximum 15). Mean abdominal/abbreviated injury scale and ISS were 3 (range 1-6) and 24 (range 3-66), respectively (Table 1) .
A single bowel or mesenteric injury was observed in 143 (84.6%) patients; jejunum was the most common bowel tract involved (65% of cases), followed by mesenteric and colonic localization. When multiple bowel traumas were noted, the association of bowel and mesenteric injuries was the most frequent condition.
Jejunal suture or resection was the surgical procedure most commonly performed, and ostomy (ileal or colonic) was necessary in 12 (7.1%) cases.
The mean time to surgery after ER arrival was 12±8 hours (5.7±1.2 hours in penetrating trauma and 13.4±4.2 hours in blunt trauma); laparotomy was performed in the first 6, 12, and 24 hours after ER admission in 69.8%, 76.9%, and 87.5% of patients, respectively.
A total of 27 postoperative deaths were observed (mortal ity rate 15.9%), with 14 (51.8%) deaths in the first 96 hours and directly related to polytrauma.
The overall morbidity rate was 36.1% (16 patients); the abdominal surgical related complication rate was 19%, and superficial and medium SSI were the most frequent cause of postoperative morbidity. Pulmonary complications were the most prevalent systemic postoperative complication and occurred in 12% of cases. 
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The mean LOS was 23±7 days (range 1-350). Prognostic indicators for postoperative mortality after bowel injuries were: ISS (P=0.010, OR =1.489, 95% CI =0.998 to 2.247), the presence of shock (P=0.026, OR =1.178, 95% CI =1.258 to 5.687), and low diastolic pressure registered at ER admission (P=0.029, OR =1.247, 95% CI =0.119 to 0.844) ( Table 2) .
Delay of treatment was not a prognostic indicator for post operative mortality, even after patients who died during the first 24 hours were excluded from the analysis (P=0.780).
The statistical analysis revealed that morbidity was strongly and independently related to an increase of WBC during the initial ER evaluation (P=0.016, OR =2.254, 95% CI =0.514 to 1.126), and delay of treatment .6 hours (P=0.031, OR =1.941, 95% CI =0.818 to 1.414) ( Table 2) .
When the whole series was considered, the mean delay of diagnosis and treatment for the patients who developed a postoperative complication was 19.1±3.2 hours, compared to 6.2±1.9 hours for patients who did not present postoperative morbidity (ANOVA test, P=0.01) ( Figure 1 , Table 2 ). The same results were observed when the analysis was limited to blunt trauma patients: the mean delay of diagnosis and treatment for patients who developed a postoperative com plication was 22.5±3.6 hours, compared to 6.1±1.4 hours for patients who did not present postoperative morbidity (ANOVA test, P=0.007) (Table 3) (Figure 1 ). In this subgroup, BIPS 10 value was an independent predictor of outcome (P=0.001, OR =0.029, 95% CI =1.359 to 6.158), indicating a significant predictive role in blunt trauma patients (Table 4 ).
An ROC curve analysis was performed in order to identify predictive cutoff and threshold values in delay of diagnosis and treatment for morbidity. The analysis showed positive predictive values for postoperative morbidity of 73.5% and 100% for a delay of treatment of 12 and 24 hours, demonstrat ing that patients with a bowel injury treated 1 day after ER admission have a 100% possibility to develop a postoperative complication (Table 5 and Figure 2) .
When predictors of treatment delay was analytically studied, a significant correlation was identified with heart rate (P=0.036, OR =2.756, 95% CI =0.741 to 1.159), presence of shock (P=0.037, OR =2.547, 95% CI =1.176 to 7.258), type of trauma (P=0.045, OR =2.951, 95% CI =1.258 to 6.223), and BIPS (P=0.001, OR =0.029, 95% CI =1.359 to 6.158) ( Table 4 ), indicating that the presence of these parameters strongly suggests a prompt surgical treatment.
Discussion
Less than 1% of all patients who present with blunt trauma will have an HVI, and only 0.3% of all blunt trauma patients will have a perforated small bowel injury. 1, 13 It has been demonstrated that, due to the low incidence of these traumas, 
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This reduced expertise of trauma surgeons is associ ated with the lack of clear international recommendations or established consensus in terms of optimal diagnostic approach.
14 Diagnostic peritoneal lavage progressively lost clinical application in the emergent setting, and abdominal CT scan often still fails to recognize indirect signs of traumatic bowel perforation. 15 Nowadays the advent and diffusion of dualphase multidetector computer tomography with multiplanar reconstruction has improved the diagnostic accuracy of bowel and mesenteric injuries, but the limited experience of radiologists with these uncommon lesions and the concomitant presence of other abdominal organ injuries, still make this radiologic diagnosis challenging. [16] [17] [18] [19] 
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In addition, the increased prevalence of nonoperative management for blunt trauma patients has reduced the rate of urgent laparotomies, thus decreasing the opportunity to treat an unrecognized bowel injury or perforation. [3] [4] [5] [6] [7] In penetrating trauma, abdominal exploration is still commonly performed in 80% of cases, thus resulting in a significant difference in treatment delay as compared to blunt trauma. 20, 21 In our series, patients with penetrating trauma were surgically treated in a mean time of 5.7±1.2 hours compared to patients with blunt trauma who underwent surgery in a mean time of 13.4±4.2 hours (P=0.01, ANOVA test). Several authors have shown the important diagnostic role of laparoscopy in hemodynamically stable patients with penetrating abdominal trauma: in experienced hands it can determine the integrity of peritoneum and diaphragm, and the presence of bowel and parenchymatous organ injuries. Overall, it can avoid nontherapeutic exploratory laparotomy in up to 70% of patients and, in selected cases, it can also have a therapeutic role in repairing minor lesions. 22, 23 Also in blunt abdominal trauma, laparoscopy could represent a similar diagnostic option, especially in patients with equivocal clinical and radiologic findings, before doing a laparotomy. However, its role remains undefined because the number of treated patients is small and only few series with promising results have been reported. 24, 25 According to the literature, the ileum is the most common site of bowel injury, followed by mesentery and colon. 1, 13 Perforation can be a common consequence of HVI and massive fecal peritonitis is the most worrisome complication. 26 Thus, the delay of diagnosis has become a "keyword" in manage ment and treatment of HVI.
Even though past as well as more recent pediatric studies suggest that "short" diagnostic delays have no or little role in determining morbidity and mortality rates, our study highlights the importance of a prompt diagnosis and treat ment of bowel injuries in order to reduce morbidity and hospital stay. 9 Letton and Worrell, in a multicenter study analyzing 358 pediatric patients, demonstrated that any significant statistical difference in terms of morbidity and mortality was found when patients were divided into four groups depend ing on treatment delay (0-6 hours, 6-12 hours, 12-24 hours, and .24 hours). 9 Despite these findings, and according to other reports, 1, 2, 8, 13 we demonstrated that treating an HVI within 6 hours from ER admission significantly reduces, at multivariate analysis, the complication rate (P=0.045, OR =1.614, 95% CI =0.752 to 1.973), and the delay of treatment became, with the increase of WBC, an independent prognostic factor for postoperative morbidity.
We also demonstrated, through the ROC curve, that a delay in treatment .24 hours has a positive predictive value of 100% for postoperative complications.
Some studies, however, demonstrated that delay of treatment significantly affects postoperative mortality as well; Fakhry et al, enrolling 198 patients from the registries of eight US trauma centers, demonstrated that mortality rates increased from 2% for patients treated within the first 8 hours from ER admission, to 9.1%, 16.7%, and 30.8% for patients treated after 8-16, 16-24, and .24 hours, respectively. 2 Accordingly, Faria et al observed, in their series of 102 patients with both blunt and penetrating bowel injuries, that all postoperative deaths occurred in patients operated on after the first 24 hours. 26 Our series failed to demonstrate the influence of the delay of treatment on postoperative mortality; in fact, the statistical analysis outlined the presence of shock, as well as a reduced diastolic artery pressure and ISS as independent prognostic indicators of postoperative mortality.
In order to facilitate the diagnosis of HVI, McNutt et al recently introduced a new effective predictive score for blunt bowel and mesenteric injury. 10 The authors retrospectively combined three different physical, hematological, and radiological parameters (admission CT scan grade of mes enteric injury, WBC, and abdominal tenderness) in order to 
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hollow viscus injuries evaluate their predictive value for the presence of an HVI. They demonstrated that patients with a BIPS of $2, were 19 times more likely to have an HVI than patients with a BIPS of less than 2 (P,0.001, OR =19.2; 95% CI =6.78 to 54.36), showing that the system can be used in combination to create a bowel injury score, with a score of $2 strongly associated with HVI. 10 We specifically analyzed this parameter in our series and demonstrated that patients with a BIPS score .2 had a sig nificant probability to develop a postoperative complication (P=0.029, OR =2.143, 95% CI =1.359 to 6.158) compared to patients with a BIPS ,2.
Conclusion
HVIs are an uncommon finding in abdominal trauma patients. Several prognostic factors have been identified for morbidity and mortality, and among them delay of treatment has been identified as an independent predictor of morbidity, strongly affecting the postoperative course.
More efforts should be directed at increasing the preop erative detection rate of HVIs; new and effective predictive radiological tools in association with physical and hemato logical parameters (BIPS) seem to increase the diagnostic sensitivity and reduce the delay of treatment to less than 6-12 hours after ER admission.
